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Abstract 
The design of controlled low-strength materials (CLSM) is generally based on experimental 
approaches without considering an efficient use of the component materials. The present study 
proposes a general methodology for the design of optimised CLSM that includes the definition of 
the mechanical requirements through numerical simulations with FEM and an experimental 
procedure to define the mix by optimising the aggregate skeleton, the content of cement and the 
use of admixtures and additions. Moreover, the methodology is applied to the backfill of narrow 
trenches.  
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1. Introduction 
The use of narrow trenches for the installation of flexible pipelines of small diameter is a 
common technique for the construction of water, electricity, lighting and gas networks. 
One of the advantages of this technique is the limited interference with other services or 
traffic during construction. After the trench is excavated, a backfill material is used to fill 
the void left behind as well as to provide the support for the pipe and the surface elements. 
For that purpose, it is common to apply a controlled low-strength material (CLSM) as 
opposed to the use of traditional compacted granular fill. 
As a backfill material, the CLSM requires a consistency close to that of self-
compactability in order to reach tight or restricted-access areas [1] and a compressive 
strength that allows fast reestablishment of traffic without settling under traffic load, but 
also that may be easily excavated with conventional digging equipment [2]. These 
contradictory requirements represent a challenge when designing the mix proportions 
since both the deformability and the compressive strength of the material must be 
balanced and limited to a certain value.  
In general, the definition of the mix proportions of CLSM are based on empirical 
approaches [3, 4] that do not always consider the optimisation of the materials used. In 
order to develop an optimised CLSM, the design of the mix should be preceded by a 
technical base assessment of the requirements according to the application for what it is 
intended (e.g. backfills, structural fills, insulating or isolation fills, pavement bases, void 
filling, etc.). Afterwards, a series of tests should be performed to ensure that the resulting 
material fulfils the requirements. 
Considering the abovementioned, the present study aims at defining a general 
methodology for the design of optimised CLSM. This approach proposes the assessment 
of the requirements through a numerical simulation of the application and an experimental 
procedure to optimise each of the components of the CLSM. Furthermore, this 
methodology is subsequently applied to a real case of a CLSM for the backfill of narrow 
trenches.  
The main interest of the study consists in the development of a straightforward 
methodology that may be employed for any application. The novelty of the methodology 
is the use of a numerical analysis by means of FEM for defining the mechanical 
requirements of the CLSM since this type of studies are found in the literature for 
traditional compacted granular fill (e.g. for trenches [5, 6]) but are scarce for CLSM. 
Likewise, the methodology provides a series of tests for optimising the aggregate 
skeleton, the cement content and use of admixture that have proved to be convenient for 
the procedure.  
 
2. Methodology for the design of optimised CLSM 
The methodology proposed is summarized in the flow diagram presented in Fig.1. The 
main requirements of a CLSM, according to what was previously exposed, are the 
workability in fresh-state and the compressive strength in the hardened state. These two 
properties and, therefore, the requirements are dependant of the type of application for 
what the material is intended.  
In general, the workability of the CLSM should be close to self-compactability to avoid 
the need of vibration. Hence, the design of the mix should be conducted to attain that 
consistency. In order to set the value of compressive strength that materials should reach 
to fulfil the requirements, a FEM analysis is performed. This type of analysis allows 
reproducing the loading and boundary conditions of the CLSM and identify the 
compressive strength required to guarantee no settlements and easy excavation. 
 
 Fig. 1 General methodology for the design of optimised CLSM. 
 
Afterwards, when the desired workability and compressive strength have been defined, 
the optimisation procedure of the mix is conducted in three stages: first the aggregate 
skeleton is optimised, subsequently the amount of cement and, finally, the use of 
admixtures and additions.  
The optimisation of the aggregate skeleton consists in finding the combination of the 
aggregates that provides the maximum compactness and the desired workability. For that, 
two tests are defined at this stage: a wet-packing test [7, 8] and the consistency test 
according to UNE-EN 1015-3:2000 [9]. 
The first one allows determining the solid concentration and the voids ratio, which are 
key parameters in the optimisation since a reduction of the voids could contribute to 
reduce the consumption of cement and problems regarding segregation. Furthermore, a 
more compact matrix would be less deformable, which is very convenient considering 
the applications of CLSM. The second one provides information regarding the 
consistency through the extent of the flow. Notice that a small content of cement (e.g. 40 
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kg/m3 [7]) may be used to perform such tests given that the assessment of the strength is 
not in the scope of this stage. 
The subsequent stage of the methodology is the optimisation of the amount of cement 
considering the aggregate skeleton obtained from the previous stage. For that purpose, 
the compression test according to UNE-EN 12390:2009 [10] is proposed to assess mixes 
with different cement contents and determine which is adequate to fulfil the requirements 
set previously. 
Finally, the last stage of the methodology summarized in Fig.1 is the optimisation of the 
use of admixtures and additions. Besides the traditional admixtures and additions (e.g. 
air-entraining admixtures, foaming agents or fly ash [2]), CLSM support the use of 
recycled or reused components from diverse origin such as recycled fine aggregates [11], 
waste materials, industrial by-products [12-15] and mine tailings [16].    
In case any of the abovementioned materials are used, the consistency test and 
compression test previously proposed should be performed to assess the influence of such 
materials on the workability and compressive strength of the mix. Furthermore, if the 
additive or admixture has a particular property (e.g. expansive additions) this should be 
assessed to determine the effect on the fresh-state and hardened-state properties of the 
CLSM. In the case of an expansive addition, the resulting expansion should be measured. 
The approach followed in this optimisation procedure is characterised by the use of water-
solid ratios (w/s) instead of water-cement ratios (w/c). Notice that the terminology 
“solids” includes aggregates and cement. This provides a great flexibility in the sense 
that, for the value of w/s that leads to the workability desired, the cement content may be 
varied in order to increase or decrease the strength of the CLSM by replacing the 
equivalent amount of aggregates without affecting the workability. This is possible also 
due to the small content of cement used in this type of mixes in comparison with that 
usually found in conventional mortar. If the content of cement was an important part of 
the total volume, its influence in the consistency should be taken into account. 
In subsequent sections, the methodology presented is applied to the case of a backfill 
material for a narrow trench for natural gas plastic pipelines. 
3. Numerical simulation 
3.1 Description of the model 
In order to determine the mechanical requirements of a CLSM for the backfill of a narrow 
trench, a numerical study is conducted with the finite element software DIANA 9.1 [17]. 
This software is chosen to simulate the behaviour of the trench due to its extensive 
material library and analysis capabilities. A 3D model is considered and the four-node 
prismatic elements are used for the meshing, with a denser refinement in the trench and 
around the pipeline. 
Fig.2 depicts the geometry of the model and the location where the traffic load is applied 
(further detail on the definition and location of the load is given in subsequent sections). 
The geometry is defined according to the hypothesis that the surrounding soil may present 
layers with different properties or the constructive process adopted. Notice that the 
dimensions of the layers (both in depth and width) are defined based on the analysis of 
typical dimensions of narrow trenches found in practice and in the literature. Particularly, 
the width of the model (1.65 m) was defined so that it was representative of the actual 
situation and that its dimension did not affect the results of the simulation.  
 
Fig.2 Geometry of the 3D model in DIANA 9.1. 
Taking into account the abovementioned, the following layers and their corresponding 
depths are considered: an asphalt pavement of 0.03 m, a sub-base layer of 0.15 m, soil 
layer with a total depth of 1.30 m. Notice that the old and new asphalt pavement (after 
the trench is closed) overlap 0.10 m. The width of the narrow trench is 0.15 m and a depth 
of 0.70 m. On top of the trench there is the 0.03 m layer of asphalt pavement. The width 
of the surrounding soil at each side of the trench is 0.75 m and the total depth of the model, 
considering the pavement, the sub-base and the soil, is 1.48 m. 
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The diameter of the pipeline, which is simulated up to a length of 1.0m, is 90 mm and lies 
on 0.03 m of CLSM. Notice that uniform bedding support under the pipeline was assumed 
in the simulation.  
The boundary conditions set in the model correspond to a constraint support in axis z and 
an elastic support in axes x and y with a spring constant (k) of equal to 109. 
3.2 Materials  
The definition of the materials in the model is conducted based on the wide range of 
situations that may be found in practice when excavating a trench, such as several layers 
and types of soils. These situations in practice may lead to different requirements of the 
CLSM and, therefore, must be contemplated in the numerical study. For that reason, a 
parametric study is performed in which the variables are the properties of the soil and the 
CLSM (their properties are defined in the subsequent section). The properties of the 
asphalt pavement, the sub-base material and the pipeline remain constant given that their 
influence on the overall behaviour and the requirements of the CLSM are minor compared 
if compared to that of the soil since their characteristics are easier to control.  
Fig.3 shows an outline of the approach followed for the numerical simulations of the 
trench. Notice that the properties of the materials are the input for the model and are 
categorized in variables and data according to the previously mentioned. 
 
Fig.3 Approach followed in the numerical simulation of the trench. 
Among the results obtained with the simulation, the analysis focus on the displacement 
in the asphalt pavement due to the traffic loads, the maximum stresses in the CLSM (or 
trench), in the soil and in the pipeline, which are represented in Fig.3 as the output. 
Finally, based on the results a compressive strength for the CLSM is defined. 
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In general, the narrow trenches are excavated in pavements that have been used for several 
months or years, which indicates that the soil may be considered as consolidated. As a 
result, high values of stresses are not expected and, therefore, linear-elastic behaviour of 
the materials is considered. 
For that reason, the properties of the materials are defined by the modulus of elasticity 
(E) and the Poisson coefficient (ν) according to the literature [18]. For the material of the 
sub-base layer, a granular fill is considered and the pipeline is made of high density 
polyethylene (PE). Table 1 presents the values of E and ν considered in each case.  
Table 1. Properties of the materials considered as data. 
Materials Modulus of elasticity (MPa) 
Poisson coefficient 
(-) 
Asphalt pavement 3000 0.25 
Sub-base material 350 0.35 
Pipeline (PE100HD) 900 0.38 
 
Two types of contacts between layers are defined in the model: a perfect contact and a 
weak contact. In the first case, for the horizontal contacts between the layers of asphalt 
pavement, sub-base material and soil and for the vertical contact between the old and new 
asphalt pavement a linear-elastic contact with a high stiffness is assumed (K=1014 N/m). 
The second type corresponds to the vertical contact between the soil and the trench. Given 
the possible shrinkage of the CLSM, a weak contact is assumed by defining a low stiffness 
(K=1 N/m). 
3.3 Variables considered 
The variables considered in the numerical simulation are, as previously introduced, the 
properties of soil and the CLSM. Table 2 presents the properties the variables considered 
in the parametric study. The three types of soil were defined according to the literature 
[19]. The value of ν remains constant since it is a common value representative of 
different types of soils. The properties of 5 types of CLSM were defined according to the 
values of E and ν. Based on the literature [14], E may assume values ranging from 100 
MPa to 300 MPa.  
 
 
Table 2. Variables considered in the parametric study. 
Variables Modulus of elasticity (MPa) 
Poisson 
coefficient (-) Description 
Soil 
I 60 0.3 Hard clay, dense sand or loose gravel 
II 100 0.3 Hard clay, sandy clay or loose gravel 
III 200 0.3 Sandy clay or dense gravel 
CLSM 
I 100 0.2 - 
II 150 0.2 - 
III 200 0.2 - 
IV 250 0.2 - 
V 300 0.2 - 
 
Besides simulating the behaviour of the trench with the three soils defined in Table 2, the 
possibility of having two different soils surrounding the trench is also studied. For that, 
an upper layer with the properties of soil I and a lower layer of soil II were modelled. In 
such case, the depths of the upper layer and the bottom layer are 0.30 m and 0.93 m, 
respectively. Therefore, the trench of 0.70 m of depth is surrounded by 0.15 m of the sub-
base material, subsequently there is a layer of 0.30 m of soil I and the remaining depth of 
the trench is surrounded by soil II. 
3.5 Traffic load 
The traffic load applied in the model is defined according to international traffic 
regulations, which specify the maximum load allowed per tyre. The regulations taken as 
a reference are the French and Spanish traffic regulations [20, 21]. Considering the critical 
case of double tyres, the maximum load per axis specified is 130 kN in the former and 
115 kN in the latter. To be on the safe side and to comply with both regulations, the 
highest value was used in all simulations.  
To simplify the model and reduce the number of elements, the load is not applied to the 
surface of the tyre footprint. Instead, it is concentrated on the generatrix of the tyre, which 
also contributes to an assessment of the behaviour in a more critical situation that should 
be on the safe side.  
3.6 Results 
Analysis of the surrounding soil 
Fig.4 depicts other results obtained from the analysis regarding the compressive stresses 
in the surrounding soil. The evolution of the compressive stresses with the modulus of 
elasticity of the CLSM is plotted for different types of soil. Notice that the case with two 
types of soil is referred to as (E=60-100MPa). 
The curves in Fig.4a reveal that the compressive stresses in the soil decrease with the 
modulus of elasticity of the CLSM due to the higher bearing capacity of the CLSM with 
bigger elastic modulus. For example, when the modulus of elasticity of CLSM increases 
from 100 MPa to 300 MPa the decrease of the stresses in the soil is 34.9% for a soil of 60 
MPa and 32.0% for a soil of 200 MPa. These results reveal that the decrease observed is 
not significantly influenced by the type of soil. 
      
Fig.4 a) Influence of the modulus of elasticity of the CLSM on the compressive stress and b) 
stress distribution in the surrounding soil a soil of 200 MPa and CLSM of 100 MPa.   
 Furthermore, the stresses are lower as the soil becomes more flexible. The increase of 
the stresses in the soil when it becomes stiffer is 40.9% for a modulus of the CLSM of 
100 MPa. The highest stresses in the soil were obtained for stiff soil (E=200 MPa) and a 
flexible CLSM (E=100 MPa) and the compressive stress in the soil is 2.8 MPa. The results 
also indicate that the case with two types of soil (E=60-100 MPa) are very similar to the 
ones obtained for the soil of 60 MPa. Hence, the response of the soil is governed by the 
top surface which is most flexible. 
The distribution of stresses in Fig.4b indicates that the maximum compressive stress is 
located at the boundary of the soil with the trench, particularly concentrated in the zone 
where the traffic load was defined (notice that the load was concentrated in the generatrix 
of the tyre, see section 3.5 Traffic load). 
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Analysis of the pipeline 
For the case of the pipeline, presented in Fig.5a, the trend is not as marked as for the soil. 
For flexible soils, the tendency of the compressive stresses is to decrease slightly, in 
particular an 8.6% for a soil of 60 MPa. However, for stiffer soils (e.g. E=200 MPa), the 
compressive stresses in the pipeline increase slightly, thus leading to a difference between 
the most flexible CLSM (100 MPa) and the stiffest (300 MPa) of only 1.9%.  
                
Fig.5 a) Influence of the modulus of elasticity of the CLSM on the compressive stress and b) 
stress distribution in the pipeline a soil of 60 MPa and CLSM of 150 MPa. 
With regards to the modulus of elasticity of the soil, as the soil turns stiffer the stresses in 
the pipeline are smaller due to the higher bearing capacity of the soil. Notice that for a 
CLSM of 100 MPa, the compressive stress is reduced 40.9% when the modulus of 
elasticity of the soil increases from 60 MPa to 200 MPa. The biggest compressive stress 
(0.7 MPa) occurs for the more flexible soil and CLSM. Contrarily to what was observed 
in Fig.4a, the case with two types of soils presents a noticeable difference with the other 
cases, exhibiting values of stress between those of the cases with only one layer of soil of 
60 MPa and 100 MPa. 
Fig. 5b shows the distribution of stresses along the pipeline. The maximum compressive 
stresses are observed at the ends of the pipeline and, particularly, in the haunches rather 
than at the top or the bottom. 
Analysis of the CLSM in the trench 
Fig.6a presents the evolution of the maximum compressive stresses in the CLSM of the 
trench with the modulus of elasticity of the CLSM for different soil configurations. The 
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curves reveal that the compressive stresses in the trench become higher as the modulus 
of elasticity of the CLSM increases. This outcome was expected since the increasing 
stiffness of the material with regards to the surrounding soil leads to the bearing of higher 
values of stress.  
           
Fig.6 a) Influence of the modulus of elasticity of the CLSM on the compressive stresses in the 
trench and b) stress distribution in the trench for a soil of 60 MPa and CLSM of 300 MPa. 
For a soil of 60 MPa, the increase in the modulus of elasticity of the CLSM from 100 
MPa to 300 MPa represents an increase of the maximum compressive stress in the trench 
of 66.7% and for a soil of 200 MPa this percentage is 71.9%. Fig. 6b shows the stress 
distribution in the trench with the maximum compressive stress located at the top of the 
trench where the loading along the generatrix of the tyre was defined.  
The worst-case scenario with regards to the requirements of compressive strength of the 
CLSM corresponds to the most flexible soil (E=60 MPa) and the stiffest CLSM (E=300 
MPa). In this case the maximum compressive stress exhibited is 1.12 MPa.  
The curves also reveal that the influence of the modulus of elasticity of the soil is very 
small since the differences observed between the softest and the stiffest soil are 6.0% for 
a CLSM of 100 MPa and 2.8% for a CLSM of 300 MPa. The reason for such small 
differences may be attributed to the fact that the maximum stress is located too close to 
the surface so that the influence of the surrounding soil is diminished.  
Analysis of the displacement in the asphalt pavement 
The curves in Fig.7 show the evolution of the displacement of the asphalt pavement with 
the modulus of elasticity of the CLSM. In this case, the opposite trend is observed since, 
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as the modulus of elasticity of the CLSM increases, the displacement of the asphalt 
pavement becomes smaller due to the increasing stiffness of the CLSM.  
In addition to that, a noticeable influence of the properties of the soil is detected in the 
displacements estimated. For example, a soil with E=60 MPa leads to a displacement 
14.7% bigger than a soil with 100MPa (for a CLSM of 300 MPa). The curves indicate 
that the configuration of two layers of soil (60-100MPa) result in values of displacement 
that are in between of those obtained for one-layer soils of 60 MPa and 100 MPa. 
According to Fig.6, the maximum displacement of the asphalt pavement occurs for the 
most flexible soil (E=60 MPa) and CLSM (E=100 MPa) with a value of 1.3 mm. 
 
Fig.7 Influence of the modulus of elasticity of the CLSM on the compressive stress in the 
pipeline. 
From the results it may be derived that the maximum compressive stresses due to the 
heavy traffic loading in service is 1.12 MPa. Consequently, a compressive strength of the 
CLSM equal to that value would be sufficient to bear the stresses and to guarantee a 
maximum displacement of 1.3 mm. Nevertheless, in order to avoid excessive micro-
cracking (a non-linear regime) the maximum stresses in service are limited to a range of 
45%-55% of the compressive strength, leading to a strength ranging between 2.0 MPa 
and 2.5 MPa.  
4. Experimental program 
The main objective of this section is to apply the experimental procedure of the 
methodology to obtain an optimized CLSM that attends the requirements set in the 
previous section. According to the optimization procedure in the methodology this section 
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is divided into three parts: the definition of the granular skeleton, the definition of the 
cement content and, finally, the definition of the additives and admixtures employed. 
4.1 Stage 1: Optimisation of the aggregates 
At this stage, the influence of the granular skeleton on the workability and the packing 
density of the CLSM is assessed by considering different combinations of the aggregates 
and several water/solid ratios (w/s).  
Materials and mix proportions 
The aggregates used in the study are limestone sands of 0/2 and 0/4 with a density of 2510 
kg/m3 and 2520 kg/m3, respectively, and a water absorption of 7.20% and 5.50%, 
respectively.  They were combined in the percentages by volume of 80%-20%, 50%-50 
and 20%-80%, respectively. The values of W/S are 0.25, 0.30, 0.35, 0.40 and 0.45, 
assuming a situation of saturated surface-dry conditions (SSD) 1. Likewise, the cement 
content of reference at this first stage is of 40 kg/m3 (CEM II/A-M (V-L) 42.5 R), defined 
according to [5]. Table 3 presents the different mix compositions studied at this stage. 
Table 3. Mix proportions in Stage 1. 
  Case 1: 80%-20% Case 2: 50%-50% Case 3: 20%-80% 
w/s Cement Sand 0/2 Sand 0/4 Water Sand 0/2 Sand 0/4 Water Sand 0/2 Sand 0/4 Water 
0.25 40 1580 397 200 987 991 200 395 1586 200 
0.30 40 1518 381 231 949 952 231 380 1524 231 
0.35 40 1461 367 259 913 916 259 365 1467 259 
0.40 40 1408 353 286 880 883 286 352 1413 286 
0.45 40 1358 341 310 849 852 310 340 1364 310 
 
All CLSM were manufactured according the same procedure. The solid components were 
first introduced in the 5 litres mixer and then the water was added. These components 
were mixed during 1 minute and the mixer was stopped for 30 seconds to ensure that 
material is not adhered to the surface of the recipient. Then, the mixer is started again and 
after 1 minute the admixture is added. Finally, all the components are mixed for 2 minutes 
more.  
                                                             
1 The phenomenon of the aggregate water absorption is essential in the mix composition of mortars and 
concrete. If aggregates are added to the mix in dry conditions, part of the water will be absorbed by these 
aggregates until they are saturated. 
 Tests and results 
The tests conducted in this stage are the wet-packing test [7, 8] and the consistency test 
according to UNE-EN 1015-3:2000 [9], as previously described in the methodology. The 
results of the former are presented in Fig.8 in terms of the solid concentration and the 
voids ratio, which were calculated according to the formulations in [17]. 
 
Fig.8. Influence of w/s on a) solid concentration and b) void ratio. 
From the results in Fig.8a and Fig.8b it may be derived that the different combinations of 
aggregate skeleton exhibit, in general, similar values for the solid concentration and the 
void ratio. Such outcome indicates that, in this case, employing one or another 
combination of aggregates skeleton may not lead to significant differences in the results. 
The highest solid concentration and the lowest voids ratio is obtained for a w/s equal to 
0.35, considering the granular skeletons of 20%-80% and of 50%-50%. These values are 
0.766 and 0.765 for the solid concentration, respectively, and 0.306 and 0.308 for the 
voids ratio, respectively.  
Fig.9 depicts the results of the consistency test in terms of the flow extent for different 
values of w/s considered. It reveals a clear influence of w/s in the consistency of the 
CLSM with an approximate S-shaped curve. The range of w/s values in which the 
increase of workability is significant, as observed due to the steep slope of the curve, is 
0.30-0.40. For values higher than 0.40, the addition of water is less efficient and might 
lead to bleeding. Notice that the flow extent for the case of 80%-20% with a w/s=0.45 is 
not depicted in Fig.9 since due to the fluidity of the mix it poured from the table.  
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 Fig.9. Influence of the w/s in the flow extent. 
This phenomenon is due to the physical role of the water in the mortar and concrete mixes 
[22, 23]. The aggregates in the mix require a certain amount of water to fill the pores 
(absorption water) and to wet the surface (wetting water). Notice that in the case of study 
the aggregates are already saturated. When the surface of the aggregate is wet, the 
remaining water has the function of fluidifyng the mix (fluidification water) and, 
therefore, separating the particles. It should be highlighted that an excessive separation 
of the particles may lead to bleeding, a phenomenon that may be observed for high values 
of w/s. 
From the values in Fig.9, it may be stated that the threshold value to start fluidifying the 
mix is around W/S=0.3. Fig.10 shows the aspect of the CLSM with different W/S values 
after the consistency test and confirms the lack of fluidification water in the case of 
Fig.10a. 
  
 
 
 
 
 
Fig.10. Consistency test for 50%-50% and a) W/S=0.25, b) W/S=0.35 and c) W/S=0.45. 
Taking into account the results of the consistency test and the wet-packing test, it may be 
derived that a combination of the aggregates of 50% of sand 0/2 and 50% of sand 0/4 may 
be suitable for the application considered.  
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4.2 Stage 2: Optimisation of the cement content 
The second stage of the experimental program focuses on the study of the minimum 
amount of cement that provides the minimum required compressive strength without 
compromising the excavability.  
Materials and mix proportions 
According to the ACI Committee 229 [1] the cement content in CLSM may vary between 
30 and 120 kg/m3 depending on the requirements set. Considering this range, the cement 
contents assessed and presented in an internal report [24] ranged from 40 kg/m3 to 85 
kg/m3. For this study, only the results of the content of cement that fulfill the strength 
requirements are shown. Notice that the w/s was set to 0.37 and the proportion of 
aggregates 50%-50% was considered based on the results in Stage 1. The details of the 
mix proportions are included in Table 4.  
Table 4. Mix proportions in Stage 2. 
Materials Quantities 
w/s (-) 0.37 
Cement (kg/m3) 75 
Sand 0/2 (kg/m3) 885 
Sand 0/4 (kg/m3) 882 
Water (kg/m3) 270 
 
The mixing procedure of the components is the same as in the previous stage. In this case, 
6 prismatic specimens of 40 x 40 x 160 mm were cast to determine the compressive 
strength following the specifications in UNE-EN 12390:2009 [19]. A total of 6 specimens 
were cast to be tested at 7 day, 21 days and 28 days. 
Tests and results  
The test performed in the second stage is the compression test (UNE-EN 12390:2009 
[19]). The results of the compression test at 7 days, 21 days and 28 days are presented in 
Table 5.  
 
 
 
 
Table 5. Compressive strength of the CLSM with 75 kg/m3 for 7, 21 and 28 days. 
 Average (MPa) CV (%) 
fc7 1.9 5.3 
fc21 1.9 6.1 
fc28 2.1 4.8 
 
The results obtained indicate a compressive strength of 1.9 MPa both at 7 day and 21 
days. The tests conducted at 28 days reveal a strength of the CLSM of 2.1 MPa. These 
values are in correspondence with the requirements set based on the results of the 
numerical model. Hence, a content of cement of 75 kg/m3 guarantees the bearing of 
stresses resulting of the traffic load in the trench. 
4.3 Stage 3: Optimisation of admixtures and additions 
The final stage of the methodology studies the influence of the admixtures and additions 
on the properties of the CLSM. In this case, the experimental program only considers the 
influence of plasticizer (Pozzolith 475 N) on the consistency and workability of the 
CLSM. However, the methodology may be applied to any additions by assessing their 
influence on the consistency, compressive strength and, if required, evaluating particular 
properties provided by the addition. 
Materials and mix proportions 
The mixes manufactured in the previous section 4.1 Stage 1: Optimisation of the 
aggregates were produced with 1.5% of plasticizer (in percentage of the cement weight). 
The other components of the mixes were added in the same proportions as in the previous 
case. 
Test and results 
The assessment of the influence of the plasticizer was conducted by means of the 
consistency test according to the UNE-EN 1015-3:2000 [17]. The curves showing the 
evolution of the diameter with w/s are depicted in Fig.11.  
   
Fig.11. Influence of the admixture in the consistency of the CLSM for a) 20%-80%, b) 50%-
50%, 80%-20%. 
The curves reveal that the influence of the plasticizer is almost unnoticeable on the 
consistency of the CLSM since the values of flow extent are very similar. Notice that the 
differences in average between the flow extent of the mixes without and with admixture 
are 7.2% for the case 20%-80%, 0.8% for the case 50%-50% and -3.5 for the case 80%-
20%. 
In conventional concrete, the plasticizers produce a dispersion of the cement particles that 
otherwise would tend to form agglomerations and reduce the plasticity of the mix. In the 
case of CLSM, the small cement content and the high amount of water should reduce 
considerably the likelihood of particle interaction and flocculation. Therefore, the effect 
of the plasticizers should be less noticeable in CLSM.  
5. Conclusions 
The study conducted represents a contribution to the design of CLSM with optimised mix 
proportions. Furthermore, the methodology proposed allows a technical base assessment 
of the requirements associated to the application and provides the tests required to 
optimise the mix while fulfilling the requirements set. The following conclusions may be 
derived from the present study: 
- The results of the numerical model confirm that a compressive strength ranging 
between 2.0 MPa – 2.5 MPa would ensure stability and excavability. 
- The critical zones of loading in the surrounding soil and in the CLSM of the trench 
were identified. 
- The load in the pipeline is much smaller and would only be a problem if it was 
transmitted through point-like aggregates. 
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- The consistency tests performed in Stage 1 of the experimental procedure for the 
optimisation of the mix revealed a range of values of w/s (0.35-0.40) leading to a 
suitable workability.  
- The compression tests performed in Stage 2 reveal that a content of cement of 75 
kg/m3 is enough to fulfil the strength requirements obtained from the model.  
- The use of plasticizers to improve the workability was found to be inefficient for 
this type of material with low contents of cement, based on the results obtained in 
the test conducted in Stage 3.  
The methodology was successfully applied to the backfill of narrow trenches but could 
be also employed to design other types of CLSM that may include new materials (e.g. 
waste materials or industrial by-products) and to different applications. 
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